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INTRODUCTION 


The Information Sciences and Human Factors (IS&HF) Division is one of five divisions that 
comprise NASA’s Office of Aeronautics and Space Technology (OAST). This division sponsors research 
in both aeronautical and space technology. This annual report documents the most significant 
accomplishments during the past year. Each year, the annual report is prepared to serve as the primary 
mechanism for coordinating NASA activities with industry and industrial IR&D managers. This document 
is also intended to communicate significant technical accomplishments to NASA technologists, project 
engineers, other government agencies and academia. 

The IS&HF Program consists of seven major elements: Automation and Robotics, Computer 
Sciences, Communications, Controls and Guidance, Data Systems, Human Factors, and Sensor Technology. 
Accomplishments are presented in all seven categories: Controls and Guidance and Human Factors are 
shown in two sections, Space and Aeronautics. Total program funding, including civil service manpower 
costs, for FY89 is shown below. 


Element 

Aero fSM") 

Space f$Ml 

Total R&DfSlVn 

Automation and Robotics 


42.7 

42.7 

Communications Systems 


11.5 

11.5 

Computer Science 

7.0 

6.1 

13.1 

Controls & Guidance 

47.3 

10.0 

57.3 

Data Systems 


12.9 

12.9 

Human Factors 

14.8 

7.9 

22.7 

Sensor Technology 


17.5 

17.5 


The NASA Civil Space Technology Initiative (CSTI) was initiated in FY88 with the goal of 
revitalizing the nation’s civil space technology capabilities and enabling more efficient, reliable and less costly 
space transportation and earth orbit operations. The IS&HF Division has focused CSTI technology activities 
in High Speed/Capacity Data Systems, Science Sensors, and Automation and Robotics. Funding for these 
activities are included above. In FY89, another new activity, Pathfinder, is being initiated. The objective 
of the Pathfinder Program is to develop and validate critical enabling technologies for future exploration 
missions. Pathfinder initially includes focused Information Sciences and Human Factors elements in 
Planetary Rover Technology, Human Factors/EVA suit, Automated Rendezvous and Docking, and Adaptive 
Hazard Avoidance Landing. 

Within the Base Aeronautics Human Factors Program, focused efforts in Aviation Safety/Automation 
are being initiated in FY89. The objectives of this program include the development of human-centered 
automation concepts for use in future transport aircraft and air traffic controller stations. The integration 
of highly automated aircraft into the future air traffic control system will also be addressed in this program 
augmentation. 

To aid in the communication of program efforts, the names and phone numbers of headquarters 
program managers are included in inis report along with the names and phone numbers of the key center 
technologists who conducted or managed the significant technology activities. 

DIVISION DIRECTOR: Lee Holcomb 

(202) 453-2747 

DEPUTY DIRECTOR: Ray Hood 

(202) 453-2745 

✓ 

* 

" ! .h i ,-,,u.NhcLY BUM 



NASA DIRECTORY 


Center Symbol 


Ames Research Center ARC 

Moffett Field, CA 94035 

Ames Research Center DFRF 

Dryden Flight Research Facility 
PO Box 273 
Edwards, CA 93523 

Goddard Space Flight Center GSFC 

Greenbelt, MD 20771 

Headquarters HQ 

NASA/OAST/RC 

Washington, DC 20546 

Jet Propulsion Laboratory JPL 

4800 Oak Grove Drive 
Pasadena, CA 91109 

Lyndon B. Johnson Space Center JSC 

Houston, TX 77058 

John F. Kennedy Space Center KSC 

Kennedy Space Center, FL 32899 

Langley Research Center LaRC 

Hampton, VA 23665 

Lewis Research Center LeRC 

21000 Brookpark Road 
Cleveland, OH 44135 

George C. Marshall Space Right Center MSFC 

National Aeronautics and Space Administration 
Marshall Space Right Center, AL 35812 
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Automation and Robotics 


OAST created the Civil Space Technology Initiative (CSTI) to improve NASA 
space technology. Of particular concern has been the cost of NASA ground and 
flight operation, such that the CSTI program has focused significant resources 
on development and demonstration of automation and robotics technologies for 
space applications. Artificial intelligence and Telerobotics when applied to 
the space environment have the capability to significantly improve productivity 
and enhance safety, as well as reduce the cost of NASA operations. 

The automation and robotics program is divided into two areas, with the 
Autonomous Systems focusing on automation for in-space servicing, assembly, and 
repair. Applications demonstrations are planned at NASA mission centers for the 
transfer of the technology into the operations environment. Underlying the 
demonstrations are five research areas that will develop expertise in: sensing 
and perception; planning and reasoning; control execution; operator interface; 
and systems architecture and integration. Coordination with DARPA’ s A & R 
program is achieved since NASA acts as a DARPA agent. 

FY85 saw the establishment of the A & R program. The Telerobotics Program 
has achieved its first major technology demonstration through the vision-based 
de-spin of a spinning satellite (once it is initialized by a human-guided graphic 
overlay). Three applications demonstrations were completed using the Beam 
Assembly Teleoperator. The applications were: assembling beam elements into 
a space structure; using a general control structure for coordinated movement 
of multiple robot arms; and using the Oak Ridge National Laboratory’s 
teleoperated manipulator to recreate the Access experiment. The Autonomous 
Systems Program has progressed towards the Space Station Thermal Control Expert 
System technology demonstration. We have developed an operational readiness 
prototype expert system for the monitoring of the Shuttle communications systems 
and initial integration of the KATE and GMODS for diagnostics and control of 
the Shuttle Environmental Control System. Also, we developed an expert system 
for aiding the communications officer in the Shuttle Mission Control Room which 
was first operationally used on STS 26. 

Major research goals were accomplished in the areas of: operator interface; 
systems architecture and integration; and planning and reasoning. In the 
operator interface element higher-performance force reflecting hand controllers 
and triggers were tested for teleoperation. In the systems architecture and 
integration element, the first design of the spaceborne symbolic processor was 
completed with a reconf igurable , radiation resistant, fault-tolerant 
architecture. In the planning and reasoning element, a collaborative effort 
with DARPA began on research of intelligent communicating agents while the 
Autoclass probabilistic reasoning system produced striking new classes of 
spectral objects when applied to IRAS data. 

In addition to the CSTI technologies, OAST has been reviewing the techno- 
logy requirements for future planetary and lunar missions, and has packaged these 
into the new initiative called Pathfinder. In the area of exploration a signi- 
ficant amount of automation and robotics research will be focused on the develop- 
ment of a planetary rover that would act in the place of humans in the scientific 
discovery of the moon and Mars semi- autonomously, with only occasional 
communication and direction from Earth. This is a challenging problem in that 


1 


the rover would effectively be a mobile laboratory with its own instrumentation, 
tools and intelligence for self-navigation, and rock sample acquisition and 
analysis. This development effort is a requirement unique to NASA, and it will 
build on the in-house expertise in automation and robotics that has resulted 
from the CSTI program. 

PROGRAM MANAGER: Dr. Melvin Montemerlo 

NASA/ OAST /RC 
Washington, DC 20546 
(202) 253-2744 
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Officer (INCO) Real-Time Expert System Project 
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TECHNICAL CONTACT: Gale R. Sundberg, LeRC, (216) 235-1420 


CSTI SYSTEM AUTONOMY DEMONSTRATION PROGRAM 
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The Telerobot Interactive Planning System is the primary operator interface to the autonomous capabilities 
of the telerobot. It also performs high-level task planning and dynamically recovers from failures (selects 
alternative actions) in autonomous robot operations. The operator can "coach” the planner during task 
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ROBOT MANIPULATORS GRAPPLE MOVING SATELLITE AND BRING 
IT TO A HALT 
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Traded and Shared Control of Manipulators 
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Telerobot Technology Testbed: Core Demonstration of Robot Control 
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Predictive Monitoring System (PREMON) : Systems 
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Common Sense Reasoning, Sensor Planning, Causal Simulation 





Force Control of a Multiarm Manipulator System 
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Experimental Setup 
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TECHNICAL CONTACT: Carla M. Wong, ARC, (415) 694-4294 


SYSTEMS AUTONOMY DEMONSTRATION PROJECT 

THERMAL CONTROL SYSTEM (TEXSYS) 



Qualitative and Quantitative simulation 
Reasoning assuming standard procedures 
Methodology for validation and verification of 
expert systems 














Communications 


The objective of the Communications Technology Program is to enable data 
transmission to and from low Earth orbit, geostationary orbit, and solar and deep 
space missions. This can be achieved by maintaining an effective, balanced 
effort in basic, applied, and demonstration prototype communications technology 
through work in theory, experimentation, and components. 

The program consists of three major research and development discipline 
areas. They are: (1) microwave and millimeter wave tube component research and 

development; (2) solid state monolithic integrated circuit research and 
development; and (3) free space laser communications component and device 
research and development. The research ranges from basic research in surface 
physics (to study the mechanisms of surface degradation under high temperature 
and voltage operating conditions, which impacts cathode tube reliability and 
lifetime) to generic research on the dynamics of electron beams and circuits (for 
exploitation in various micrometer and millimeter wave tube devices). Work is 
also performed on advanced III-V semiconductor materials and devices for use in 
monolithic integrated analog circuits (used in adaptive, programmable phased 
arrays for microwave antenna feeds and receivers) on the use of electro-magnetic 
theory in antennas and on technology necessary for eventual employment of lasers 
for free space communications for future low Earth, geostationary, and deep space 
missions requiring high data rates with corresponding directivity and 
reliability. 

PROGRAM MANAGER: Martin M. Sokoloski 

NASA/OAST/RC 
Washington, DC 20546 
(202) 453-2748 
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REFLECTOR DIsTORt'oN COMPENSATION 

BY ARRAY FEEDS 

EXPERIMENTAL SETUP I APPLICATIONS 
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JPL INTEGRATED optical communication test bench 
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SIMULATED PLANETARY TARGET DIGITIZED ACQ/TRACK IMAGE 

OF PLANETARY TARGET 3/88 


A class of highly efficient lasers is the solid state lasers (such as Nd:YAG), which are optically pumped 
with a diode laser. Semiconductor lasers are highly efficient, compact, and lightweight. When coupled with 
a properly selected laser crystal, the result is a second efficient laser with output wavelength of interest 
and capable of producing high peak power pulses. 
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Ka-Band MMIC Power Amplifier 
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• TWELVE MATCHED 100 mwatt AMPLIFIERS INSTALLED 
IN JPL DEMO 







Ku/K BAND MMiC POWER AMPLIFIERS 

SPACE STATION COMMUNICATIONS Ku-BAND VARIABLE POWER AMPLIFIER 
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While tube technology has achieved an extraordinary record of success in increasing the 
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TECHNICAL CONTACT: Thomas Wallet, LeRC (216) 433-3673 
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HIGH EFFICIENCY TWT WITH DYNAMIC VELOCITY TAPER 
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IMPACT 

• VERY HIGH EFFICIENCY AMPLIFIER TECHNOLOGY AVAILABLE TO CASSINI AND MARS 
ROVER MISSIONS 


High data-rate ground terminals for future space communications require high-power traveling wave tubes 
(TWT) operating in the neighborhood of 30 GHz. At this frequency, high power can best be achieved by using 
a coupled cavity TWT, but these devices inherently introduce greater signal distortion and are more costly than 
the more common helical TWTs used at lower power and lower frequency. 
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30 to 70 GHz MMIC Transmitter Technology 
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30 TO 70 GHz MMIC TRANSMITTER TECHNOLOGY 

InGaAs/GaAs PSEUDOMORPHIC HEMT STRUCTURE 
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• INSERTION LOSS <6dB <8dB 

CONTRACT GRANTED TO HUGHES AIRCRAFT CO ./MAY 1988 
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OPTICAL/MMIC CONTROL INTERFACE DEVELOPMENT 
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PHYSICAL MODEL OF Y-COUPLED WAVEGUIDE ARRAY 
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IMPROVED RADIATION PATTERNS OF 
DISTORTED-SURFACE REFLECTOR CALCULATED 
USING ADAPTIVE-ARRAY COMPENSATION 
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In order to determine the effectiveness of newly discovered high-T c superconducting materials in microwave 
applications, LeRC has undertaken an investigation of the microwave properties of these materials* Thin filmi 
are being fabricated and supplied by a number of cooperating institutions including the Naval Research Lab 
Ohio State University, Bell Labs, TRW, Oberlin College, University of Cincinnati, and University of Nebraska 
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Computer Sciences 


The Computer Science Program provides advanced concepts, techniques, system 
architectures, algorithms and software for both space and aeronautics information 
sciences and computer systems. 

The overall goal of the Computer Science Research Program is to provide 
the technical foundation within NASA for the advancement of computing technology 
in aerospace applications. This goal will be realized through a program of basic 
research and experimentation that focuses on developing core skills within the 
Agency in disciplines critical to NASA and on maintaining a strong university 
base of fundamental research in aerospace computer science. 

The research program is improving the state of knowledge of fundamental 
aerospace computing principles and advancing computing technology in space 
applications such as software engineering and information extraction from data 
collected by scientific instruments in space. Emphasis is being placed on 
producing highly reliable software for critical space applications. 

The program includes the development of special algorithms and techniques 
to exploit the computing power provided by high performance parallel process- 
ors and special purpose architectures. Problem areas of importance include 
computational fluid dynamics, computational chemistry, structural analysis, 
signal processing, and image processing. The computer architectures of interest 
include common and local memory multiprocessors, single-instruction stream/ 
multiple data stream processors, static data flow processors, systolic arrays, 
and heterogeneous multiprocessors with custom processors. Research is conducted 
in programming languages and environments, parallel and distributed operating 
systems and performance measurements. 

Research is being conducted in the fundamentals of data base logic. This 
work has resulted in the development of a common user interface for accessing 
data from several data bases even when the data bases being accessed have very 
different structures. This work provides the foundation that will enable NASA 
space data users access to multiple data bases independent of their physical 
distribution or structure. This work will reduce the cost of such investiga- 
tions and enable data base intensive scientific research that would otherwise 
be unaffordable. Other work is underway to develop and test an expert system 
that can serve as an assistant to researchers analyzing space derived data. 

Research is being conducted to improve techniques for producing reliable 
computing systems. That work is directed at both reducing the number of faults 
in software and making systems that are tolerant to faults. New approaches and 
methods for software management and engineering have been devised and are not 
being evaluated under real working conditions. Future objectives in a new 
software engineering initiative will include research on the theoretical 
foundation, and extending and evaluating approaches for developing reliable 
complex software. 
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The Computer Sciences Program is coordinated with the Space Station’s 
Software Support Environment (SSE) and the DOD sponsored Software Engineering 
Institute (SEI) and ADA. NASA also participates with DOD on several advisory 
and technical committees. 

PROGRAM MANAGER: Dr. Paul H. Smith 

NASA/ OAST /RC 
Washington, DC 20546 
(202)453-2753 
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TECHNICAL CONTACT: William J. Campbell, GSFC (301) 286-8785 
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The objective is to perform fundamental research by developing algorithms that map efficiently to 
computers with very large numbers of processors and high speed connections between the processors, for 
application to NASA problems. The approach taken is to implement a wide variety of applications on the highly 
parallel SIMD architecture of the Massively Parallel Processor (MPP) to understand the robustness of this type 
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Potential applications include automata simulating fluid flow. now allows multiple generations of 

3-dimensional visualization of engineer- Obstacles inserted in flow produce light rays. 

ing and scientific data. expected flow effects. Potential applications include foliage 

Potential applications include higher canopy modeling and thermal modeling 

speed fluid simulation. of spacecraft. 






The objective of this research is the understanding of basic principles underlying and construction of 
new software development methodology needed for cost effective development of complex, reliable systems for 
NASA. The focus is on component reuse, software development environments and tools, and non-standard 
development paradigms (e.g., prototyping). 
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FAULT SETS / DETECTION TECHNIQUES 



Controls and Guidance - Aeronautics 


The overall objective of the Aeronautics Controls and Guidance Program is 
to provide a validated technology base leading to the development and 
exploitation of new concepts, analysis and design methodologies, and flight 
systems for future civil and military aircraft. This will provide increased 
efficiency, effectiveness, reliability, and safety. The program is organized 
into generic elements and vehicle-specific elements. The generic elements are 
Control Theory, Guidance and Display Concepts, and Flight Crucial Systems. 
Vehicle-specific elements are Generic Hypersonics, Subsonic Transport/ 
Commuter /General Aviation, Rotorcraft, and Fighter /Attack. 

Research in the Control Theory element is directed toward the improved 
flight control analysis and design methodologies for highly integrated, robust 
flight control designs. These will account for strongly coupled, nonlinear plant 
dynamics. To develop an understanding of the dynamics of new vehicles, such as 
VSTOL and High Alpha research vehicles, system and parameter identification 
methods are being developed. Emerging technologies, such as artificial 
intelligence, are used in developing new approaches and concepts. Guidance and 
Display Concepts research involves the development of automation concepts and 
advanced display media. Flight Crucial Systems research is directed toward the 
development of design, assessment, and validation methodologies for flight 
crucial systems. Increasing emphasis will be placed on developing validation 
methods for real-time, knowledge-based systems in flight crucial applications. 

Generic Hypersonics research concentrates on the integration of flight 
control, propulsion control, sensors and displays. Subsonic Transport research 
seeks technologies that will provide safer, more efficient civil transport 
operations in the future National Airspace System. The major thrusts are air- 
borne sensing, detection and avoidance of wind shear and the development of 
efficient 4-D guidance and control systems leading to enhanced efficiency, 
safety, and capacity in the terminal area. Technology developments in automated 
mission management and goal-directed flight path management leading to automated 
nap-of-the-earth flight capability are areas of emphasis in the Rotorcraft 
element. The focus in the Fighter /Attack element is on advanced guidance and 
control concepts for future super-agile aircraft, development of flight 
validation techniques for imbedded expert systems, and the development of 
multidisciplinary design methodology for highly interactive dynamic systems. 

The Aeronautical Controls and Guidance Program involves analytical and 
experimental research performed by in-house, university, and industry personnel. 
Extensive use of ground-based simulation is a characteristic of the program with 
selected flight experiments in a variety of aircraft. In the future, more 
emphasis will be placed on carrying the most promising concepts into flight 
evaluation and validation programs . 


PROGRAM MANAGER: John D. DiBattista 

NASA/ OAST /RC 
Washington, DC 20546 
(202) 453-2743 
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TECHNICAL CONTACT: Fred Edwards, ARC (A15) 694-5437 
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Simulator Evaluation of Controller Tools 


cd M o 
d O P 
rl P MH 
rH Cd MH 

•rl CO P 
cd CD P 

G rH 
O CO <5 

a) > 

•SJs 

cd 


Cd 4-) 

* P 

1 fliS 
do 
® n -o 

m, ^ P 
« 

d d 
0 O 
O-HtI 
«d <0 4J 
&* rt 

B tj 0 

Q) o 

® o d 

• 2 d * 

T3 °* « 

s-g . 

4J « O 
-H 

e 8 j: 


CD 

60 

03 

d 


o 


cd 

p 

p 

P 

P 

cd 


P ,d 
P 

p 

P MH 

cd o 


p 

d 

a) 

o 

co • 
a) ^ 
Q o 


p 

a) a> 


p S 

° .5 

1 1 ■ n 


P 

3 g 

•sJS 0 

w 5 P H 

o 9 o 

P ° T> p 
CD p 


« d d 
d H ° 
o 5 Q) O 

■H * H O 

p. g o 

cd ^ O *H 

a) o um 


5 y 

4 J cd 

d 3 

3 rH 
cd 

MH > 

O <u 


d cd 

O n 
TJ H 


2 cd 
_ g p 

H 3 
co ^ J O 

rt rH > 

a) p a> 

G firH U 

a) a> -h 
> o «* <j 
■H ® Tj 
P P +J 
O H 
<d « B 
w rt <rl 
> 0 ) 


0 ) 


d 

cd 

P 

cd 


-o p p •«* a) o d 

d o m X 6 p o 

Cd co cd -rl P *rl 

*H p MH p t) P 

60 > O 0 ) O 

d ^ p a) cd 

d ® p 

O rt p rl 

d p jj 
§ d Jf+j O 

^ cd CD 


cd Q) 


rt cd ~ 
cr o-h 

CD rt P 
co oj o 

Q *h 

d ^ 
p TJ a> 


p * o 
d a) p 

d) rH 

P rQ 0 
p cd S 

OOp 

w - > 

p cd *t3 

a) d ® mh a) 

a) _2 o 

S P ^ H p-i 

° M JPrH 

CO cp ® d cd 

M JJ O 

CD <1) ” P TJ 


CO 




^ O T) 

O c 


o ® H 

4 -> I 

cd •• 

P ® CO 
O -*-> 0 


60 

d 

P CO 

O CU 


O > 

_ P <D t 3 

rt^ 


±. 2 -S » 


-6 rH 
< ‘ 


d 

o 


o ® u 

J! 60 

04 d rH 

4 J iH cd 

d j> > ij 
_ a) -h +j 
S o a o p 

S«p2 

60 a) cd ^ 

cd p 

d -o 
cd ^ p 


a) 
p d 
d -H 

CUrH 

d a) 
a) p 


cd ^ • 

2 ^ S 

!~J 2 « 

rH i» -H 

8 -o 'S 

3 rH W ® 

0 k c y y 

* 58 |g 

01 o.^ 

,« o -H 

* 

C rH 0 ) •§ •y ^ 

ya 0 co Js ^ <o j 2 

Tj 


no 

d 


(HLj. — f) P P n ^ ^ 


d p 

p 

CO 

d ‘p 
o o 


o p 

co 

a) d 

T3 *H 


MH Tj <D *P rH P 

ni Kf\ n i rl 


p CO 


Cl) 

<D 

rC 

P 

(0 


O 

:! 


» 5 

CD 

«cp 6 


cd © 

o 

p 


. d 
p cr <d 

cd a) p 
u d 
o 


O ^ « 

^tj‘ H 

® ® s 

2 m y3 

g at P 

P* rj J 2 
co 2 7 ^ 

(D 9 

p 2 
w a) ^ 


m cd o 

U 4 J« 1 S 

2 2 * u ’-*- 0 

® „ -a w 
So ,-t 
®yp 3 
H ^ M-l S 
rt 

P hh 

o 


o g« 

4 J cd 

u* 

2 -S 


*UG . 
^ > o c ^ 


o -h £ > 

MHt) 
CD T 3 rt 

o d • p 

13 a x d 


CD 


P ^ rH S rj ft 

d 1 , Jd ^ Cd CD 2 .T 1 CD 
2 m 0 0 t Pd^d s ^° 

-•8 g 2 .°^ v •• S 

«a ® “ "2 > “o^ 

•d 2 k« S 2 ! * o 


„ ai 

4 -> • »S 

o 

MH -H 


CO 


Jp P T 3 P O 2 

d o gaz* 

■H P iH O P P 

- P O dOm 

°M4®®®tS««®'® 

P J 2 > ^ T'rHg 
(Dcd^s w > o ^ 

> p i, 0 T 3 T) r O'O 
•H 4 J ti ^ ‘rl CD *H - 
p ^ CM 4 H p Cd 
O rH -O P Cd 
CDrt<D**“rtrH P 5 | rt 

- 0 -HO®* J S-C°“ 


rt cd 

4 J 

d O 


o 

p 

co 6 


CD 

• S 

P P CD 
Cd CD 60 
P p cd 
odd 

CM CD cd 

o o B 


8 


.p«S h 

jj*H 60 0 O.Jh O 

cd > p d o ^ p 

5 p rt CD cd p 
60-0 rH 60 P _2 O d 
d rtPwcdtjpo 
PC 0 >CDPd po 
UH-H 0 OHdP 
rt o P pcdpcdo) 

CM O P^-nP > -rl p_d 

(OpCd^CDCD^PH 


+ X d CD « 

d p h p d 

OP CD O 

•rl Jj -rl 

P P • P 
rt (D rid rl 
rH TJ O CD -O 

d 0 ) O ® d 
e (dp j o 

P P CD o 


CO h- p I rd P 

£ CM (D p o rt 

CD r>. T 3 O P ,d 

P CD P rd P 

O Q) (l)P S 
^ •« CM d 

cd p _ _ 2 2 


p 

CM 



60 


o » ,8 g £! 
•H ** O ° ^ 


P M 
ij P 


p e ^ 5 « 

<14 


O a) 


CM 


EP rH 

3 2 

CO CD 


CD 


a) 

. co p 

1 y t; 
£ o o 

g -H -rl 
CM 

00 ^ 01 

S - CD 
T) O d O 
CD rH O CO 
TJ P P CD 
P O P T> 
> P P I 
O TJ T) 
P ^TD P 
CMrO Cd 0 


cd 


K *n ^ u 

w ^ 

g-H 6 rH 

/5°8h 

• • ^33 " 

OrtJ^da^o 

g43^ °#0 
cd p Tj 4 o r-i 

S B O co p rt 

e 2 J ® ® o 3 

Oi'J 01 T 3 MH V 
1 1 | CD p 

p P ° M rl 

CD T 3 Ph CO P p > 

p, <D rt cd hh 

p rt d dd 

. . rt * p o cr cd tj 
CMPrdP (D P rl 

o-hpppt) rt d 
^ocdPcucddo 
P > p PJ P o 

O o P 0 

P X co P TJ 

CO 


A ~ 

CM 

p 

d rt 


CD p 


rt 

B 


!*h c 


0 ) 

0 ) 

CO 

a) 

p 


o a rtPd p a) 




100 


TECHNICAL CONTACTS: Thomas Davis, ARC (415) 694-5452 

Leonard Tobias, ARC (415) 694-5430 


SIMULATOR EVALUATION OF CONTROLLER TOOLS 
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VERTICAL MOTION SIMULATOR 
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COMPLETING THE MODELING CYCLE IN ICING RESEARCH 
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EL GREEN PHOSPHOR ■ GLASS SUBSTRATE 
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Validation of the Semi-Markov Unreliability Range Evaluator (SURE) 
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FTP PERFORMANCE ASSESSMENT EXPERIMENT 
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I/O Requirements 
of IAPSA Flight 
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EFFECT ON INTERARRIVAL ERROR 
ON RUNWAY CAPACITY (IFR) 
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INTERARRIVAL ERROR AT THRESHOLD (SEC) 
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TECHNICAL CONTACT: Richard M. Hueschen, LaRC (804) 864-4936 


KNOWLEDGE-BASED CONTROLS 
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Automated Flight Test Management System 
(ATMS) 
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Real-time communication between requirements 

distributed processes • More effective use of simulation resources 

Maneuver and flight path monitoring during • Potential for more effective use of flight time 
scheduling, testing, and execution • Potential for increased flight safety 
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Rapid-Prototyping Facility for Aircraft 
Automation Flight Research 






Controls and Guidance - Space 


The Space Controls and Guidance Research and Technology Program is directed 
toward enabling the next generation of space transportation systems, large future 
spacecraft and space systems such as the growth Space Station to have large 
communication antennas and high precision segmented reflector astrophysical 
telescopes. The new generation of transportation vehicles has demanding 
requirements to provide for an order of magnitude reduction in cost as well as 
an increase in capability. The future orbital facilities have demanding control 
requirements for pointing and stabilization, momentum management, build-up and 
growth accommodation, and disturbance management. 

To address these advanced requirements, the research and technology program 
for Space Controls and Guidance is designed to provide the generic technology 
base to support the implementation of advanced guidance, navigation, and control 
(GN&C). This technology has the capability to provide for a large reduction 
in both the number of people who plan and generate the mission software and the 
people necessary later to provide for mission control. The early incorporation 
of this technology into the system studies for new vehicles will also positively 
impact vehicle design concepts to ensure the full realization of potential 
benefits. 

The area of computational controls will be stressed in order to develop 
cost effective, high speed, high fidelity control system simulation and analysis 
and synthesis tools. The thrust of this work will be to develop methods and 
software to enable analysis and real-time hardware-in- the-loop simulation of 
complex spacecraft for control design certification. This capability has the 
potential of achieving a 4-order-of -magnitude improvement in the ability to 
rapidly analyze and simulate control systems for very large complex spacecraft. 

To address future orbital facilities requirements, an advanced technology 
program is underway in system identification, distributed control, integrated 
controls /structures design methods , and advanced sensors and actuators. Because 
the behavior of large, lightweight per unit area deployable/assembled spacecraft 
is greatly influenced by the ground environment (principally gravity) , the 
testing and verification activity is both ground- and space-based. 

PROGRAM MANAGER: John D. DiBattista 

NASA/OAST/RC 
Washington, DC 20546 
(202) 453-2743 
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LMED: LINEAR MOMENTUM EXCHANGE DEVICES 
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Single Step Optimal Control Validation on a Computer Model of SCOLE 
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• DETERMINE OPEN LOOP TIMING OF ADA CODE FOR CRITICAL PATHS 
LONG-TERM PLAN TO COMPARE CLOSED LOOP PERFORMANCE IN REALISTIC ENVIROMENT 
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TECHNICAL CONTACT: Noble Nerheim, JPL (818) 354-2547 

Fernando Tolovar, JPL (818) 354-6215 
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Unified Control Structure Modeling 
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Development of complex spacecraft required for the future missions will demand control system analysis 
and test capabilities that are currently unavailable. In order to design and test such control systems, 
designers will need to model very high-order linear and nonlinear dynamic systems involving 500-2000 system 
states. They will need to compute robust, optimal control systems for these models, conduct performance 
verification simulation, and support system identification and anomaly investigation during mission operations. 


B P 
0 ) a) 

p £ 
« o 

Ph 

CO 4J 

d 


o 

u 

P 

d 

o 

o 


a) 

§ 

§ 

p 

f 

Ph*h 

P 

*H d) 
rH 

<d d 

T 3 P 
•H *H 

44 d 
oo 

M 2 
t>o S 

*H * 

-■s 

* ® 

2 m 
p* n • 

? ?-2 
•A* g 

*2 d> 

M 0) rQ 

m al U 


a) 


p 

o 

a) 

4-1 

4-1 

0 ) 

P 

O 

o 

ex ; 

o 


n t 

g <* 


§ 

CO 

o 

ON 

ON 


I 


<D 
P 

cd a 

B 8 
£ 8 


a 
o 

™ -H 

o ® 
2 01 

■5 


d 

o 


00 * 00*0 
d co d d 

•H g -rl Cd 

x> rd ex 
d p o * 

H rl H h 
O P Q) 5 

•H Wfll’p 
~ ® o 

C0 $n ^ *H 

J-STS 
3 3*8 s 

£ PtH > 

O firH 

S -H i— I 
'j Oiw fl) v 
^ . H T3 

d o p 

T3 B rt 

d JZj o 

® cd d) X 3 
2.0 d 
co cd cd tj 

g e 

- S .2 ® 

p ° •rj 

d ° S * H 
£ « a) JJ 

o M «'S 6 
a> ® d £ a) 
p o o £ p 
o ex w 
p w « 
ex a) 
a) p 
p 

ex »-0 
d ’ H 


0 ) 

d 

cr 


cd 

o 


P 

o 


xi 

<u 

o 

§ 

£ 

aJ 


co 

§ X) 

p d 
n to al 
ii Ph _ 

r§ 

£ o « 

.1 
X 3 ^n *H 
a) d co 


® 3 .S 

£S H « ® 

p rp 
cd 
* X 3 
P 

O p 

w d 


o 

ex 

8 


a) o 


p 


<D u 

?! ^ « 


x> a 


2 » as 

S' 

o m w 

d o 
» ►. c# 
^ »C 

d O 

*S * * 

co co 

0) -rl <0 
> <0 -H 
•H tHP 
P r-i *H 
O td r— | 
0) d rl 
•n ett ^5 
r& Cd 
O m CL 
d cd 
a) o a 


cd d 

rH CD 

d p 
a p 

•h d 

CO O 


p 

a) 

6 


o B 

2 S ' 6 

jr ex lj 
04 d) a) 

«- 9 « 

O 


P 

o 


a) • 

,n co 

5 p p 

« u 3 

O 3 

CO 00 (X 
d) rH -H co 

oo cd d x> 

« »§i 

-H > ° 

*3 • o 

3 c 
O O g 
0)^0 
M g* 

co cd i— I 
n cd 


rd 

O 

Q) 

co 

Cl) . 

rd »— I 

H *H 
cd 


p p 

I 

rH 

cd 
d) 


<u 4 ? 
So 


JS 

p 

d) 

a 


i— i 

.. ^ cd 
p d 
cd x) co 
ex d -h 
co cd > 


d>p^d>dco+j<Dcd 
oo x) d) -h d x» 
p o o d) d) d a. 
O e d »H o 


* o 

d M CO 


5 0 0 
p a d 


° o v 
p o 

ex s p 
* B Q) 

ON co 


3 

p d) p £ 
00 ^ o ^ 


X3 X C cd 00 a *H 
d) O -H - * 
d) <d co 
d H d c 
^ cd 
PH I 

00 ^ 

H 00 P 
O oo d 
PH 0 
P 4 _ 

O ^ 

d) 


ex 

a 

o 

o 


-H Q) 


P O 
4-1 


® ohmUj 

O p 
cd 


4-1 

o 

p 

d 

0 ) 

a 


cd 


i ° 

P CO H 

oo cd o 
p S* d 
P rd 
ex •* o 
ex <u 
d p 
o 


^ cu a) p 'S 
“ d >; ® § 


6 -h 

P CO P 
OO P O 
d 

oo o . 
d ® 

•H P 


V, ^ P ^ H P 


00 p 

cd 




CO 

a "S 
<o ® 

® *H 

d 

d p 

ch x) ri a 

O M g 

Cd w 

g > p ® m 

o 144 cxpP 2 

*H o ^ P 

P H 


CO 


d) 


00 d r. P w 

d .,4 H ,r J 4 J 

H *1 w p ij i: 


d> 


d) 




d 
d) < 

CO 
d) 
p 

a) - ■ 
f ri P-P- 
P H CO O 
•H O 




O 


d) 


rd Cd 

cd o 

P d) 
d) n 
P 

- d 
cd 


o 

2 a 
o 


0 ) 


c So « ® ® ° 

H rj 00 P cd i 
0) P r-r XJ m ^ 

• 5 ^ 

d rd g 

5 i) o j 
<u rd <D 8 


_ d ^ ® 
O *H p 

u 6 ai 


,£) PH 
CO "O 


cd 

rd 

oo 

oo 

P4 

44 

o 


w 

J 


v 

at 




P. 5?"H 
3 c O 
O -H c 
M g 
60 C O 
cd d) 

OOrH 4J 

d 


p 
d 

m ® 
8 

o pu 


d> 
P 
■H 
P 5* 


^ M 

Cd a *H VH U 
rH -H rM _2 44 -H iH 


tr 

d) 

p 

00 

o 


ex co m 
o o 
a ^ > p 
O d 
oo-5 d o 

o *rl cd o 
P P* 

Q. H . »— | — I 

£ e-g M . 
^ Q c . H 


0*0 

►. o c 

as 

O-d ° 

cd q) 
PT 3 P 
CO pi 
® Cd 44 

^ o 


ex cd 
J o 

O *H Vj 

o d ^ 

cd a n 
a) 

P X3 
cd 


a 


cd 


«• » 


« ® 
4J rC 

d ^ 
e co 

o CO 


Sh 

CO ® 
CO w 
d) 

8 

ex^P 


n « 

o 01 ® 


M I. M r. 

8 £®2 


ex p 
01 § 
a 8 


d) rd d 

^ « o 

d tn o U 
CO P 

P X) X) 


ex B d> <d 

“ “ CO ^ 


CO 
. co 

d) 0) 

> CO X3 

<d co d 


s 

iJ l§ 

al 9 -H 

d s Cd 

a> S o 

CO 


« *> »-0 w -T 1 *r< 
d a) oo <u ^ 44 


p 

co ex CD 


CD CD <D rd <u 


in 

t -4 

CVJ 

NO 

I 

<r 

co 


CM 

•—I 

i 

vj- 

m 

CO 


oo 

—i 

oo 


hi 

ex 

*-d 


PH 

P 

cd 

p 


x)cdcdPx)PP> 


oo 

rH ^ 

00 P 
w cd 
> 

* *H 

hJ rH 

ex o 
•-) H 

r. O 

d x» 
cd d 

s s 

• p 

& a) 

P 4 

^ • 
O <»3 


H 

!S 

O 

O 

< 

U 

M 

» 

O 

CP 

H 


154 



COMPUTATIONAL CONTROLS 



155 






Data Systems 


The Data Systems Program consists of research and technology devoted to 
controlling, processing, storing, manipulating, and analyzing space-derived data. 
The objectives of the program are to provide the technology advancements needed 
to enable affordable utilization of space-derived data, to increase substantially 
the capability for future missions of onboard processing and recording and to 
provide high speed and high volume computational systems anticipated for missions 
such as the evolutionary Space Station and Earth Observing System. 

The Data Systems Program supports fundamental research in such areas as 
laser diodes, supports work to select and provide the appropriate onboard 
processor technology for future NASA missions , and also supports the development 
of two flight processors with special architectures. The ongoing support for 
solid state laser research leads directly to the development of a nine laser 
diode array that is used in the Optical Disk Recorder. The laser research is 
also focusing some effort applicable to Space Station data handling applications. 
These devices are being developed to handle both the 300 Mbit/sec basic data rate 
and the much higher rates needed to support networking and computer internal 
communications. Complementary research is being supported to characterize the 
fundamental performance and properties of various alternative networking. 

NASA missions require processors that will work very reliably in the space 
environment. Computer systems for missions in polar orbit and some planetary 
missions must operate reliably in high radiation environments. The Data Systems 
Program capitalizes on the dramatic advances in electronics, computer systems, 
and software that are occurring in both the public and private sectors . It 
fosters and leads the development of technologies required to meet NASA’s unique 
data systems needs. NASA technical expertise is being applied in cooperative 
arrangements with DOD, and products from the DOD VHSIC program, and other DOD 
developments, are being assembled into processors for test and evaluation. 

The Advanced Digital SAR Processor includes a special architecture and 
algorithms to process SAR data. The unit will have a compute rate of 
6000 megaflops per second. The Massively Parallel Processor (MPP) is being used 
for ground processing of space image data, SAR data, and spectral analysis. The 
MPP utilizes 16,384 processors. The research applications developed on the MPP 
have verified the expected tremendous computational power of the MPP for the 
target applications. Researchers outside of NASA in several universities, 
research centers, and industry have been provided access to the MPP to gain an 
understanding of the capabilities of the MPP and have applied these unique 
resources to a broad range of computational problems. 

Future objectives through the Civil Space Technology Initiative in High 
Rate/High Capacity Data include data system architectural studies for new space 
initiatives, significant advances in technologies and capabilities for onboard 
image processing, data compression, high volume block access storage, data 
networks, spectrometry and adaptive sensor control. 

PROGRAM MANAGER: Dr. Paul H. Smith 

NASA/ OAST /RC 
Washington, DC 20546 
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High-rate high-capacity data storage has been identified as an enabling capability for future spaceflight 
missions. To this end, a program has been established to develop a high performance, erasable optical disk 
recorder with the following features: erasable, rewritable optical media; random access data playback; capacity 
to one terabit (120 gigabyte); up to 1.8 gigabit per second input and output rate; and configurable, expandable 
architecture to satisfy various applications. 
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WRITE/READ/ERASE AT 133 MBPS 
8 DATA TRACKS, 1 PILOT TRACK 




ERASABLE PROM BASED ON HOPFIELD’S NEURAL NETWORK MODEL 
Electronic Neural Networks With Modifiable Synapses 
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TECHNICAL CONTACT: Anilkumar P. Thakoor, JPL, (818) 354-5557 

Don Erickson, JPL, (818) 354-1656 



ELECTRONIC NEURAL NETWORKS 

JPL KNOWLEDGE BASES AND LOGIC MODULES 
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AUTONOMOUS ROVER AND TFRRESTRSAl APPl M AT ION - 
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CONFIGURABLE HIGH RATE PROCESSOR (CHRP 
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TECHNICAL CONTACT: Michael R. Raugh, ARC (415) 694-5402 



PROTOTYPE OF THE SPARSE DISTRIBUTED MEMORY 
WHICH IS A MASSIVELY PARALLEL ARCHITECTURE MOTIVATED 
BY EFFORTS TO UNDERSTAND HOW THE HUMAN BRAIN WORKS. 
THE PROTOTYPE WAS BUILT BY STANFORD UNIVERSITY AND HEAVILY 
UTILIZES STANDARD COMPUTER MEMORY PARTS. 




VHSIC Multiprocessor System (SVMS) 
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SPACEBORNE VHSIC MULTIPROCESSOR SYSTEM (SVMS) 
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8-BIT SLICE PROCESSOR PERFORMANCE RESULTS 



RAD HARD (100 M RAD) TOTAL DOSE. 

PERFORM LOSSLESS COMPRESSION OF HIRIS IMAGE 
IN REAL TIME WITH 25% TIME MARGIN. 
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TECHNICAL CONTACT: Robert Rasmussen, JPL, (818) 354-2861 


MAX DATA FLOW MODEL 



• Graceful adaptation to loss of resources =r fault tolerance 
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AUTOCORRELATOR SPECTROMETER 
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GATE ARRAY CHIP 



The objective of this program is to design and develop an onboard SAR processor that will meet the needs 
of the Eos SAR Mission. The technology and techniques necessary to accomplish the goal of onboard SAR data 
processing are under development. The science and operational requirements for the Eos SAR are currently being 
clarified and established. 
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CONCEPT OF EOS ON-BOARD SAR 
PROCESSOR OPERATION 



LONGITUDE 
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TECHNICAL CONTACT: Jerry E. Solomon, JPL, (818) 354-2722 

David J. Eisenman, JPL, (818) 354-2744 


IMAGING SPECTROMETER FLIGHT PROCESSOR 
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ALGORITHM TO ARCHITECTURE MAPPING MODEL (ATAMM) 

LaRC / OLD DOMINION UNIVERSITY 
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Petri Net Theoretical Base 



Human Factors - Aeronautics 


The objectives of the aeronautics human factors research and technology 
program are to provide the technology base and capability to design effective 
crew-cockpit systems and to advance solutions to human problems affecting air 
transport and rotorcraft effectiveness and safety. Advanced automation 
technologies, new information display capabilities under computer control, and 
concern for the effects of human error in flight operations are elements that 
drive the directions of the program. Thus, the program has four thrusts: 
(1) flight management; (2) human engineering methods; (3) rotorcraft; and 
(4) subsonic transports. 

Flight management research is aimed at development and evaluation of 
methods and techniques that allow the crew to deal with various problems in the 
flight environment. An expert system called Faultfinder was developed and is 
being evaluated to allow early detection of engine failures and to recommend to 
the crew alternatives in power management for safe operations. Studies were 
completed that established the minimum amount of information to be displayed to 
the pilot in an advanced tactical aircraft. Additional research was performed 
on an advanced, three-dimensional display method that shows a path in the sky 
to be followed for different flight regimes. 

Human engineering research has had a long-term objective to implement 
state-of-the-art psychophysiological response measurement methods as an aid in 
crew workload assessment. Several studies were completed that resulted in an 
improvement in sensitivity whereby heart rate variability is measured during 
various types of flight operations. Workload associated with low demands on the 
pilot result in boredom. This mental state was measured and evaluated by a new 
psychophysiological model. 

Rotorcraft research focused on the different kinds of human visual 
requirements for effective nap-of-earth (NOE) operations and the subsequent 
design considerations for helicopter operations and displays. Studies were 
performed on workload and operational tasks of pilots involved in unusual 
rotorcraft operations, such as police surveillance and medical evacuations. A 
data collection program was initiated to gain data in an attempt to understand 
and deal with the high number of incidents and accidents in these types of 
operations . 

Subsonic transport research, including commuter and general aviation, is 
intended to develop and evaluate technologies that the crew can use to detect 
and successfully avoid/escape wind shear hazards. Data on wind shear statis- 
tics, structure and severity were collected and used to develop and evaluate 
flight guidance techniques for recovery and escape. Concepts for the display 
of wind shear information and route of recovery and escape were identified as 
well and simulation data was obtained to further guide display development. 

Extensive plans have been prepared and coordinated between Ames Research 
Center and Langley Research Center for a new initiative, called Aviation Safety/ 
Automation, which will start in FY89. Its objective is to focus results of the 
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existing baseline research in order to improve the national airspace 
transportation system capacity and safety and to demonstrate and transfer 
effective technology to the national aviation community. This technology will 
allow optimal integration of humans and automated systems, provide human-centered 
automation in air traffic control and flight systems, and support and improve 
human capabilities through fully compatible cooperative air-ground systems. 

PROGRAM MANAGER: Dr. James P. Jenkins 

NASA/ OAST /RC 
Washington, DC 20546 
(202) 453-2750 
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ARTIST’S CONCEPTION OF TCAS ENCOUNTERS 
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TECHNICAL CONTACT: Sandra Hart, ARC (415)694-6072 


PROVED FLIGH 



The effective management and transfer of information within the NAS is critical to a safe and efficient 
air transportation system. Future NAS operations will require flight deck information management systems 
designed for optimal transfer of airborne, ground and satellite information to aircrews. Information management 
principles are required that define the information needed, when, and in what form it should be provided. 
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Information transfer requirements 
for the display of ground-based radar 


Evaluation Phase of the Knowledge-Aided Display Design (KADD) 


Q) 


CO 


£ <U ^ 05 CO 

cd > 0) cd P 
6 *H N ^ C 
3 P *H cd 

^ CIIHQ ft 

P H “ 

60 ’H P 
G H d 
•rl 2 
ft d H 
Cd cr 
ex p 

3 «Tl ^ — 

o Jpk 

•rl 


0 

H 




. T 3 

g P a; 

g o a) ^ 

q » ^ 2 .3 

4"^ ^ 

O a> 0 ) M 
nrtXH 

>sft p p 
p cd ^ 

•h ft a) H 

rH CO ^ 

d 


P 

d 


cd 
Ph 
nd 
a 0 ) 
w -o • 
■H ^ 


( 1 ) (D^ - p: 

^ $0 4 >2 

P Cd P 

^ 60 a. m 

•8 8 5 «> 

8 ^ %< 


,5 o ^ § z 

® 9"° - H 'S 
*— i bv s «> «» 

H 60 M n) 
cd m 

tl ft £k ® w 

8 2 “5§ 

*•3 ®hm 

0,3 I H 

° ^ c a 

* _ OH 

co o 3 < 

M o 




cd 

0*0 w 

d 

d 

d Oh 

§ 

S c d 

rH 

004-1 H 3 H 

•H 

ex 

cd 

H 

o ex p d 

ft 


> 

CO 

CO 4-1 

ex -n ^ rH 

0 ) 

Q) 

<0 -H o 


d CO CD 


nd 

ft t) ft a) 

CD 

(II OT) 

CD 

i 

a ftd 

ftd 

•H *H 


0 

CD CD T 3 ft 

H 

co 3 > 

H 

p 

3 rC CD 


CO o 


1 

CO p ft CD 


a) a co 


<D 

co cd co 


U OH 


3 

o) f^ex d 


O 60 O 


•H 

to H 0 


ft ft O 


P 

co a o o 


ex cd p 


s 

cd o o p 


Q)^ MOH^ I ^ 

4 <DrtoJHft(Drt 
<D PJH ^ (ft, 0 ) rH 
^•H ft ft (D 4 ft 

4 -i CO s ft t 3 ^ CO 

td a) -h co cd _ p -h 

p -a q . P 4 2 » tJ 

cd CD = ►>"> r £3 Q) 

a. w h j, to 

cd ex P 4-» o 

co co 1—1 a) i 4 

a) » -H . ,0) T) o 

13 J Q . cd 

3 ^ ! 

• 4 J >*, M 
0 ) Ctf -H 4-1 


Q) 

£ 


“M CO 

a! * H 
2 W cd 


ex 

- w 
"-S 
>■> ( 1 ) 
tJ p 


qj vu *ri h— I . _ w CO crt 
ft *H §* H ^ 5 > « rH 

d ex -h t? S a) 

60 CO fti o _S * H 

•rl ‘H ex g rH CO 

4-1 ^3 ,1 

iH n - 
® CO £ A 

A U J 

8 Ss-S-S^-h^ 

ii-s 

? 60 a) 4-i 9 

rj o 2 a> 

‘p p »fj ftd o 

0 <-> *j 

= m rj _ 

b- a V 8 * 

r-i ^ ^ 

^ CX 
2 CO d) 



8 



■M * « d) 

‘ ^ H Q H 



2 *H 
? ftO 
CO 
ft 


0) 


- a) 

^ a *5 


K. W) ' 

ft* u_j j P •X) 

s| 

^ 00 ® a> 

lj 4-> -H ” 

<l) ^ ^ fl) (V 

cr tj e ® -g *J 

ftl 2 w a) 

, | 4-1 60 ^ pj Q 

ex-rl -H 

'"O CO 

ti O 0) ^ ^ 

6 ^ Q at 



a) 

a) 


i! 0 ^ 

^ cl) ^ ft 

o <d exS « 

o OK M S 

ti Q) 

CO 

§ g s 

H J ° 

(X o M w „ 

C 3 tJ 'H i cd 

O S? Q t) i p, 

•h a) o Ed 

P <3 ft o 

Cd 5 &2 ps 



> 3 ^3 t 

U 3 

c ^ 

u « 2 

,-- co rC3 

^ a g p 

m co a) JJ k; *r* 

O cd ^3 y 60 -H CO 

** > A .g w - 

H w ft 

C u • vu ■ 

p Cd (D (1) 0,0 

M 4-1 3 -h 3 W 

cd to iw -H t) co J 

(x, p d p g > 

a « .h o 

a* a) a) <u 

o *nP ^ p 2 

O d p rA cd ^ t: 

w _o co q cd cd 

w to M a> § 

COP d ^ -H 60 CO O 

co a o K ft^i 

O 0) ftd ^ cd Qj T3 

m | p^ d •p 


° 2 
ft Q) o 

cd •»-> p 


CO 


d 

CO 

0) 

ft 


a a) rH ^ iH 5 ^ 
cd »— i <3 cd cd O 


!> c3 

^ ^ o • 

a 

CD 


a) 

H CD O - 

60 *H T 3 Cd <D 0 ) CO 

cdftJ-HP^ft^ C - 
ft Cft-p CO ft ft CD g 

cd cd rP 3 CD 

>fts d 4-4 4-1 -H H 

cd 60 00 CO O O nd CD 


cd 


w co CO 

S bti 


nd 

C 

cd 


vo 

o 

O os 

CM O 

I o 

CM 
SO I 

oo <r 
so 

— 00 
vf 

O -<-s 
00 < 3 - 

W o 
00 
O w 
& 

Cd o 
hJ ex; 
cd 


p 
- p 

►s o 
a) .p 

«H ,X> 

CQ • 
W 


P4 

CO 

CD 

*n 


H 

O 

3 

S 

o 

o 

< 

o 

H 

23 

W 

a 

w 

H 


196 








CO I— I *13 13 

© © co d a 
Hd O P © © 

•H a) 


PI 

o 

•H 

P 

a 

•H 

13 

© 

P 

(Xt 

a) 

a 

d 

© 


P 

© 

Pm 

13 

d 

© 

i3 

© 

O 

i — i 

Pi 

O 

& 


&H4-> P! CO z, 
r— I *H 60 j. 65 
<U M -H 5 O 

> ° » CO ^ 

•rl a) W rX 

^ Cj T) ^ ^ 

o _. o 
a» » ® £ U 
m aj t) co 
q_l t4 *H Q) 

q) ^ ^ H M 
(D 00-rl O 
CO -H _ > 4-1 

-rj 4-1 r ° *H © 
•H *H H o Hd 

* a u 

© ^ $ S £ 

4J *H 4J »H 

H £ 

cl d a) 

a Q) fi P* 

g a) © o 

° ^ -H 'H 5 

t) w ri h m 

rj rt cr*H o 
53 X! a) B £ 

-•2 * .•« 

CO 55 n © 0 

*— I 9 . J P » 

O rH hi o w 

S •* ® tS s 
2 % 43 « ° 
fi 2 e ^ u 
o > 8 « : 

o .. U4 4S ii 


.o OH 
W ^4 ^ 


13 

a) 

S'* 5 . £. 

■3..3&S 

.3*3d« 

•oj® 

“ § ® 


w Ml 

« 73 O 

o 


u > 44 .5 « 
•gdjs ® 

°4J 60 ^ 3 

a, *« c cd cr 

S ai -H a) a) 

rt ® ^ 


a? 4 -* 01 S'tJ 
* to CO S 

5 CO go 

•H M 2 P 
*H O ^ O * 
T3 H © p F»-> 

^ M Si © M M 
a) 60 o o 

© b> *H 13 © 
TO q TO <D P 

d © pf a * H 

Doras ' 0 
° *> y i 5 -o 

>» « -a ® 
►> a) 9 "a ai jj 
*•> •* « 3 

Zi o 0 H 2 

I— ( Q) o r_ | O © 

•H jd O 3 U © 
^ p w m w e 
o M 

•hMJ 


© 


co © 


a ^ 


4H P P <0 CO a) 13 
o M O © P P 
0 CO *H a P Ctf 

CO 44 60 0) 

a) 44 a) a) a p> nd 

P O O CO 


p © 

cO - 
g P rd 
•H d p> 
p o 

CO rO 

© © d 


© © CL-rl O 


e^H 

o a) ^ 

O P P 

> ^ 2 
r h*j 5 


60 6 
a 0 


•hH 0 ) o 


w CO > 

■H H*S © 

p COH 

© © _, 

s p n 


Q) CO P 44 


o 4J 


CO 

4 _> *H -H co 
— 1 P 


♦rl 

CO 


CO 

Q) 

p 

CO 


Q) 


4-4 U 

P 

( 1 ) t3 

ai ^ cx co 


co 
Q> 

o 

PJ Q) 


D-> t^rH 
Q) O 1 
“ p © JJ 

o, P O 
aj 

« ^ W 

* « o 


o 3 

• H 

d 53 5 

P -H © 

o nd 6 
" gj i rH -O 

b5 “ «< 

O d) *© «H 


co 

d) 

-cS 

P 


3^ 

si 


sr co © 


© 


4-1 

O 

CO 

© 

© 


IJSh£ 

H o -H H 
h a. 


p 

© 


co 


© 


© 


o 

<0 I"" 1 r-rj 

O 

<ti O § 
© 
p 


© iH 

d a x h 

§ g ^ : -h 

® ° h -a 

o 

e 


© 

- 5 
2 © 

H j 4 « 0 ^ -g 

P s > 

i 2 o # 2 

fl) ^ 4-1 43 s-o 


- ® 
44 1" 0 
'd -Q ^ 

I 3 CO 


^ m u 

O g *H 

g ^ 

no t 2 44 
Q) * *H 
CO 

^ • 0 ) 
CO j_, 

<u^! 01 

> nd 
© d 


© 


p 

© 


© 

u 

uj '■u JZ 

CO «-d ^ 

© P 


3 s 

CO © 


CO 

e 

© 

p 

w 

© 

p 

o 


© p 


d © o 


TO 

i— I -o 

© d 

2 s © © 


° jp ^ 

-H p TJ 
s p © © 

© © p o 

p r ~i 

© © T? 

© nd © P 

d p o 


a © 

nd P cd 
© o w 

> ”0 <4-4 

•rl d p © 
P © 5 A. 
O fX^ 


P 

© - 
* s 

© O <4_| 

. o 


o -a 
© © 


nd © »H F^ P AS 

d rd o p © to 

© H PH P © 

p d a p 

^3 d o O HO 

« . O -rl o d 

© TO O 44 *H TO 

H -H 44 i-H 

to -rl 2 n 

►», >-,T) J3 Q) 

• rH P *-< nd 

» 2 3 H -H ^ 

® ® ® ° -o -5 

rH ^ ^ 

P 2 W g 

o o a © p © 

m 44 a o £ 

(X T3 rH 4-4 


CO 
QJ P 
TO d 
© © 
rd g 

P o 


S E 

p,0) 

TO © 
© nd 

a to ’u **1 

60 n *2 © -H S 
d O T) ri " 


^ TO 
d H 

60 g 

* H -H 


*H 

TO 

CO 

© 

P 

nd 

-o 


o 


> 

■H 

P 


W TO 


© nd 


. 

PH d ^ a 

5 ft© 5 

■H TO tj g 

- -H ^ o © 

* Jg ^ CO 44 © T3 

© « d rH « X) r* 

•‘ -H H © © « 

-g d e © 

(0 © P H H 

ri ri o 

o U > 44 60 

d »-« s-S 

. 2 ^ 0 ^ 
P TO Tj 
© © ® ^ 


P © 
© P> 

P 

« r^. 


60. 


44 


TO 

0 

&Hd 

1 ^ 


. O 

S'® 

Eg 
© u 
> 


r- ^ CO 

© T3 © © 

d d ,-d 

© © *H 

o a g Hd . . 

d © 2 0 44 
© T3 d 


© 


44 
60 O 

•H © 

•5 S 

© 4 (1) ,0 
> 

© 'p 


c ? w 

» e* m 


s -H 

© T3 
© 

CO <4_| 

© O 


o © 

° X 
p © 


© 

o 

d 

© 


tj 

d 


^ © T3 
© © © 
HO 9 
TO 


© fxTJ © © 


© ©H^ pj 5 
§ > rt 2 


< d 

d a 

O *rl w 

■H • 00 Hd 

T3 >_) 


© 


£ 


P 

© 


TO 


p 

13 

4-» 

© 

H 

P 

60 

•H 

d 

■H 

13 

CO 

© 

nd 

P 

o 

44 

44 

44 

44 

o 

rH 

© 

p 

© 

o 

© 


d 

TO 

© 

© 

a 

p 

1 1 1 

© 

© 

M 

P 

rd 

rH 

N 

r*i 

o 

© 

o 

p 

•H 

*H 



P 

© 

o 

•H 

•H 

U) 

K 

Hd 

13 


a p 

> 

13 

13 

© 

o 


p 

a 

d 

© 

© 


© 




a 

d 

60 

£ 

© 

© 


60 

Ul 


rH 

o 

p 

d 13 

© 

© 

P 


O 

© 

© 

o 

CJ 

CO 

© 

d 

TO 

0 

© 


© 

d 

d 

CO 

rd 

o 

•H 

d 

•H 

© 

o 

•H 

P 

© 


i — 1 

o 

© 

© 

H 

© 


o 

p 

a 

2 

P 

© 

o 

13 

© 


B 

P4 


p 

P 

•H 

p 

p 


© 

•H 

d 

© 

p 

H 




0 

P 

TO 

0 


i — 1 

0 

© 

P 


o 

o 



d 

P 

TO 

d 

44 


a 

O 

d 

a 

© 

© 

44 



© 

0 

© 

13 

P 


a 

TO 

cr 

o 

> 

a 

P 



© 

© 

d 

d 

© 


0 

CO 

© 

13 

© 

a 

© 



Hd 

44 

cr 

*H 

a 


o 

© 

TO 

© 

Hd 

•H 

a 



d rj 
0 X> * H 

is.® 

d © rt 
^ © > 

^ © © 

60 P ^ ^ 

M §H ® a 

°*i-S| S 

o ^ HO 
H CO 6 TO 


W 03 ^ 
© o 

p -j 
d * H 
hd 
© 
o 
o 
p 


a - 


« CL 

-H rQ 

d 


© 


© 

d « > 

o 2 © 

•H rd |H 
P 

© co *xJ 

© O rH © © 

•h d d o o 

i — Ip 60 fX *H rH 
i — l © *rl -H TO Hrf 
•H i-H TO d W P 

X © © © *H O 
W P Hd 0 g > 


0>^pp I © *"0 WPP 60 TO © 
p^©©©p©©oddd«H 
Hd cx a © O-rl dHO-H OHO 
J CL rH p P -H © 

^ “ TO > rH 


, , h r-» © © -h 
• rl HI ^ 60 P © 

~ * 60 a > 

d © 

TO T3 

d Eh 

© © rH 

O 


. O 
II 
P 


p*© S'O ij gH^’Hp 
d TO G © . O P 
© 3 B Poo. 
p © P O ^ H2 
o 03 *2 ° ^ « 

a S -P 44 J<5 p m 

g I p ^5 W © * VO 

o’5d©»rt r pw . 

© g a 

p 3 *Ti 

S si § 

C 18 ^ 

O CO 

o -H 


« 6° © ** d 

nJH ® 2 d 
^ ^ 2 2 o 

4-> -Td rn t+4 P 
^ ©.H 0‘ H 

O p H nd 
® r-l CO *2 

S^J c 


© HO 

d 


HO 

© 


O 


d 
o 

•H 

P * 
© TO 


v g 3 

g e u 

© _rt 
© ^ p 
•H 


I 


P 
H^ 


© 

© 

B 

© 


^ P 


a 

© 

d 

•H 


© 


g 41 -J ^ 

5 2 H ® - TO 

° d d 03 © 

© P 

P rH {»» *H d © O 

*h i— i p > cd p d 

H o -H g 60 

© ^ -g g © 

c *tJ C T3 XI c 

•§ ° i fl) i ° 

§ fr H i S - w 

- 1 P p 


o 

0) 5 

5 ° 

•iH -h 
13 P U 


© 
1 P 
O 
© 


CO rO © © 


© d 

£ TO 

^ 13 W r- 

a © w 

' © 


Si' 2 

g-S p 

o tj a 

4H q 0 

P § P 

© M 44 

a © . 

P g M 

© 5 *rl 

•H 4j 

© P -H 

O © 

d a 

© p 

g o 

44 

ft O d - 
44 H © 
“ M 


60 

d • 
d 
60 
•rl 
3 TO 
TO © 
© 13 
P 

TO C 


o a p 

Sfl p.® 
0 

° s 


(U 

I 

o 


•H 
TO 
O P 
© 
> 


-4 TO rH 

§ % 3 

TO 13 


c, 13 <u 2 

u « «>o a g 

^ o S 4 g. 2 


o *J 

_, y o 

^i^g 

O o 


c 

•H 

T— I 

I © 

© © 
P ^ 


P 

© 

a 


d -rl 
-H 13 
© 

« p 

a a 


p © a o 

o Hd p 

60 tj CO ^ 

S U i| fl 

ta ® cd - 

<u a ® w 

® (A O O r- 1 *H 

■H “ O ‘- 1 01 

rJ S Zj r i y w 

6-5 h to o a) 

o ^ © p a 

B *' 43 


TO 
© 
• p 

TO © 


© 

O 
P 

s 5 

CO <J 


»* ^ o : s sp-o 

© H*i Cd 


p 

a 


P" 1 . C~ ' 

a • © 

© TO © *r1 ,-H 

H*5 d nd y © 

p TO rl ^ © u 

TO P 4 O 

0 P« © g 

a rH . O 

X © © 


rd 

P 


TO 

nd 
d 

© -o 

a © 
- » 
© ^5 rt 

d 
•H 
TO 
TO 

© rr— 1 

O ^ 


S jv y 

r; nd d 
^ d © 

•h ^ 

H , ^3 

o p^^J g 

H P S^H 

p CO © O 
O ^ ^ • 


P tj 
© ^ 
a © 
a p 

o cd 


TO 


■rH « 
13 
© O 


P 

o 


p 

o 


p TO 1 | .-(-J 

60 © © 

© P 13 © 

O rd 

© a h 

p 

© © 


© 

> 

•H 
p 

a O _r, 

60 "Cd "2 

d © 2 

*H P P 

P ft ^ 

© © o 

i — i Hd p 


a 


60 ° S y 

C O o -H 

.5 ' H d 

P 44 ^ d 


S T3 2 * H P^^©Pr^ 

“ a a p p d © 2 ^ fn 

^ o d 

I « 


© rS 
P ^ 
© 


! o 
it 
p 


•3-S S S-XJ3- 8 *.-3^ a 

» o •« rl . A-.H "1 J<! 


co ti » 

3 S 3 
o ' H 

•H © 

5 ^ c 


O.X3 'g 
® gH 

| .1 

? rH 4H © 

© M p M Hd 

r* © P © - 

•5 o a . 

p* > © 

TO g 


© 

Hd 

Eh 


TO 
© 

§jJ SWfl 

fy o nd ^ 13 © ^ 5 

■P 44 Tl rt d M 
P o 
60 

© p 
2 © 
s ^ 

. #H p 

d © 

0 ) O n H 

>-d^ © 
H WH^ 
O 

a 


© 
TO 


r* 

P m 
O ^ 


H T) .. 

© © p 
p P O 
O *H 


P H4 -H 60 g © ^ 
d TO P d *H -H © 
•rl rH P 
P 

© P 


© © 
P 
P 


13 

© -- • • -v r. 

p © 4h a nd o 

CL O O d TO 44 


© p 

O o « 
d © P 

© *i — j © 

a rQ 

■ © TO 

CX 44 

P P 


*H 

^ * u 

TO TO © 

d © 

•H 
P D 

© d 


•H O © O Hd 4-) 
£ p CL d p TO 


p 

d 

a 

a 

o 

o 


198 
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FUNCTIONAL BLOCK DIAGRAM OF COMPUTATIONAL VISION/AURAL 

SYSTEM AT AMES RESEARCH CENTER 
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Central Processor 
(Momentary State) 











Human Factors - Space 


The objectives of the Space Human Factors Research and Technology Program 
are to provide a technology base for intelligent operator interfaces, especially 
with autonomous subsystems, and to develop a new generation of high performance 
space suits, gloves, and tools /end effectors to meet the requirements of advanced 
space missions. The technology base is intended to provide increased 
productivity, efficiency, and safety in complex manned operations within 
automated onboard systems and extravehicular activities (EVA) environments. 

Crew station research is the first of two major areas. Development of 
methods for the astronaut to supervise, monitor and evaluate the performance of 
robotic systems, other space subsystems, and orbital vehicles are key areas of 
research. Fundamental understanding of the human visual and information 
integration capabilities provides a technical basis to develop mathematical, 
anthropometric, and graphical models of human interactions with space systems 
and equipment. The capability to perceive, evaluate and control robotic 
assistants, computer-generated images of actual systems and space structures, 
and to interact with such assistants, systems and structures, via computer 
models, has achieved an initial feasibility under the name virtual workstation 
research. A large-scale mock-up of the viewing cupola of the Space Station 
provides the means to study the effects of a 90-minute cycle of light-darkness 
on windows, on displays, and on the astronaut* s tasks in the cupola for proximity 
operations . 

The second major area is development of a new extravehicular activity (EVA) 
space suit and gloves. A major milestone was accomplished with the completion 
of the AX-5 hard suit and its initial test for mobility and ease of donning and 
doffing. This suit is a prime candidate for use in the Space Station and allows 
the astronaut to don the space suit without extensive pre-breathing of oxygen. 
It is being tested and evaluated against a second new EVA suit, ZPS Mk. 3, which 
has both hard metal and fabric features. Also under research and technology 
development is a project to study and develop end effector mechanisms whereby 
the EVA-suited astronaut can control and supervise robotic assistants. An 
important feature of this is a force feedback capability whereby the user 
receives feedback of the proportional amount of force being applied by the 
robotic end effector to the object being grasped. Also, the human factors 
research program includes development of new methods to display information on 
the space suit’s visor to give to the astronaut a capability to interact with 
displayed information by means of voice commands. 

Emphasis in the Space Human Factors Research Program is placed on 
technology baseline studies and development of methods, techniques, and data to 
support productive and safe operations by the astronaut and crew as they 
interface with complex systems, advanced automation, and robotic assistants. 

PROGRAM MANAGER: Dr. James P. Jenkins 

NASA/ OAST /RC 
Washington, DC 20546 
(202) 453-2750 
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The human visual system comprises layers of networks that sample, process, and code images. Understanding 
these networks is a valuable means of understanding human vision and of designing autonomous vision systems 
based on network processing. Ames Research Center has an ongoing program to develop computational models of 
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NETWORKS FOR IMAGE ACQUISITION, PRE-PROCESSING, & CODING 
Interpolation units Interpolation lattice Multiresolution coding 
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Development rules compensate for component failure 
Noise analysis of photon, sampling, and component noise 




All vision systems, both human and machine, transform the spatial image into a coded representation. 
Particular codes may be optimized for efficiency or to extract useful image features. We have explored image 
codes based on the primary visual cortex in man and other primates. Understanding these codes will advance 
the art of image coding, autonomous vision, and computational human factors. 
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ORIENTED, ORTHOGONAL KERNELS PYRAMID OF KERNELS 



Auditory Display Systems Research 
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PINNAE (OUTER EAR) PINNAE TRANSFORMS SYNTHESIZED 

RESPONSES MEASURED DIGITIZED CUES 

WITH PROBE MICROPHONES 
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ADVANCED HELMET DISPLAY FOR EVA SUIT 
AT JOHNSON SPACE CENTER 
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The Ames Research Center has an ongoing program to address EVA suit technology requirements for the Space 
Station • A product of this effort has been the development of the Ames AX-5 space suit. The overall objectives 
of this development effort have been to provide a high mobility suit technology that eliminates the need for 
prebreathing, provides increased hardware and systems life, minimizes maintenance, provides increased hazard 
protection, and accommodates a large population sizing capability. 
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Sensor Systems 


The objective of the Sensor Technology Program is to provide necessary 
expertise and technology to advance space remote sensing of terrestrial planetary 
and galactic phenomena through the use of electromagnetic and electro-optic 
properties of gas, liquid, and solid state materials technology. 

The Sensor Technology Program is divided into two subprograms: a base 
research and development part and a Civil Space Technology Initiative (CSTI) 
part. The base research and development consists of research on artificially 
grown materials such as quantum well and superlattice structures with the 
potential for new and efficient means for detecting electromagnetic phenomena. 
Research is also being done on unique materials and concepts for detector 
components and devices for measuring high energy phenomena such as UV, x- and 
gamma rays that are required observables in astrophysical and solar physics 
missions. The CSTI program is more mission driven and is balanced among four 
major research and development disciplines: (1) detector sensors; (2) sub- 
millimeter wave sensors; (3) LIDAR/DIAL sensors; and (4) cooler technology. The 
first discipline plans to develop large spatial imaging format arrays in the near 
(1-30 fxm wavelength) and far (30 - 200 /xm wavelength) infrared portions of 
the electromagnetic (EM) spectrum. These goals are crucial to enable spaceborne 
remote sensing for the various terrestrial, planetary, and astrophysical 
missions. The submillimeter discipline is dedicated to developing the technology 
to enable heterodyne receiver instruments for remote sensing in the 300 to 
3,000 GHz frequency regions of the EM spectrum with a focus on developing local 
oscillators, frequency mixers, and quasi-optical technology in this region. 
Backward wave oscillators, lasers, and quantum well devices may also have 
potential as oscillators. In the third area the acronym DIAL/LIDAR (DIAL means 
Differential Absorption LIDAR while LIDAR means Light Detection and Ranging) 
consists of research on techniques for enabling active remote sensing in which 
a coherent source such as a laser is used to probe the environment. Research 
is concentrated on technology for obtaining tunable, frequency stable, and pure 
space qualifiable lasers. Finally, in the last discipline research is being done 
on technology to enable cryogenic coolers in the Kelvin to sub-Kelvin temperature 
regions in support of the efforts in the detector and submillimeter wave sensor 
thrusts. Work includes research on various cooler concepts such as the pulse 
tube, adiabatic, Helium 3, and zero-gravity refrigerators and their corresponding 
component development. 


PROGRAM MANAGER: Martin M. Sokoloski 

NASA/OAST/RC 
Washington, DC 20546 
(202) 453-2748 
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TECHNICAL CONTACT: Craig R. McCreight, ARC (415) 694-6549 

Mark E. McKelvey, ARC (415) 694-3196 



EXCELLENT LOW-BACKGROUND IR ARRAY PERFORMANCE 

SBRC Si:Ga and Si:Sb 58 x 62 ARRAY EVALUATIONS AT ARC 
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Helium-3 Cooler 
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TECHNICAL CONTACT: Peter Kittel, ARC (415) 694-4297 


HELIUM - 3 COOLER 

He COOLER FOR ROCKET-BORNE INFRARED ASTRONOMY AND 
ZERO-G PHYSICS EXPERIMENTS 
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Imaging X-ray and Cosmic Ray Spectrometers 
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The objective of this program is to develop the enabling technology for a new generation of infrared 
focal plane arrays, which combine the properties of large size, superior uniformity, and high quantum 
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SCHOTTKY DIODE INFRARED SENSOR WITH 
EXTENDED CUT-OFF WAVELENGTH 
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High-rcsolution transmission-electron-microscopy Photoresponse of the diodes, showing the 

lattice image (magnification: 1(),(XX),(XX)X). increase in cut-off due to the p 1 layer. 
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SUBMILLIMETER HETERODYNE SENSORS 

RADIATION COUPLING TECHNOLOGY 
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SUBMILLIMETER WAVELENGTH 
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1: 10,000,000 BASED SPECTROSCOPY 
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